SPECIFICATION 



TITLE OF THE INVENTION 

OSCILLATOR, PLL CIRCUIT, COMMUNICATION EQUIPMENT, AND 
OSCILLATING METHOD 



BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to an oscillator, a PLL 
circuit, communication equipment, and an oscillating method . 



Related Art of the Invention 

Voltage-controlled oscillators are widely used as means 
of generating local oscillation signals for wireless 
communication equipment (for example, see Japanese Patent 
Laid-open No. 2000-224027). FIG. 9 shows an example of a 
configuration of a conventional voltage-controlled 
oscillator. In this figure, the voltage-controlled 
oscillator is composed of coils 101 and 102, capacitors 103 
and 106, a variable capacitor (varactor) 105, oscillation 
transistors 107 and 108, a current source 116 , a power terminal 
110, and a voltage control terminal 111. m this figure, a 
bias circuit and the like are omitted. 

With reference to FIG. 9, description will be given below 
of operations of a conventional voltage-controlled oscillator . 



A parallel resonance circuit is composed of the coils 101 and 
102, the capacitor 103, and the varactor 105. In this case, 
the capacitance of the varactor 105 is determined by a 
differential voltage between a control voltage applied to the 
voltage control terminal 111 and a supply voltage. This in 
turn determines a resonance frequency for the resonance circuit . 
The oscillation transistors 107 and 108 generate a negative 
resistance to cancel losses caused by a parasitic resistance 
component of the resonance circuit. Thus, in the 
voltage-controlled oscillator shown in FIG. 9, the control 
voltage (control signal) can be used to vary an oscillation 
frequency . 

However, such a voltage-controlled oscillator creates 
the following problems: (1) If noise is superimposed on a 
voltage control line (i - e . a line leading to the voltage control 
terminal) , the voltage across the varactor 105 may change to 
change the oscillation frequency. (2) If noise is 
superimposed on a supply line (a line leading to the power 
terminal 110) , the voltage across the varactor 105 may also 
change to change the oscillation frequency. Further, the 
varactor 105 has different parasitic capacitance to ground 
at each nodes owing to its structure. (3) Such a difference 
in parasitic capacitance to ground may adversely affect the 
resonance circuit. 
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In order to solve the problems (1) and (2) , a capacitor 

104 has been inserted between the varactor 105 and the coil 
101 to hinder a power voltage as shown in FIG. 10. A control 
signal is thus inputted to the opposite ends of the varactor 

105 via voltage control terminals 112 and 113. With this 
arrangement, even if noise is superimposed on the control 
signal, a differential voltage between the signals from the 
voltage control terminals 112 and 113 is applied across the 
varactor 105 . Consequently , the noise component is canceled . 
Further, the power voltage is not applied across the varactor 
105. Even if noise passing through the capacitors 104 and 
103 is superimposed on the supply line, voltages having the 
same magnitude of the noise component are applied to the 
respective ends of the varactor 105. This serves to avoid 
the adverse effects of noise on the supply line. 

Further, in order to solve the above problem (3) , a 
voltage-controlled oscillator may be used in which as shown 
in FIG. 11, a varactor 119 arranged oppositely with respect 
to the varactor 105 and having the same characteristics as 
those of the varactor 105 is installed in place of the capacitor 
103 shown in FIG. 9. In the voltage-controlled oscillator 
configured as described above, the varactors 105 and 119 
cooperate in balancing the parasitic capacitance to ground 
in the circuit as a whole. This avoids affecting adversely 
the resonance circuit. 
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However, the circuit shown in FIG. 11 cannot solve the 
above problems (1) and (2). Accordingly, in view of this, 
the circuit shown in FIG. 12 may be used. In addition to the 
series circuit composed of the varactors 105 and 119 as shown 
in FIG. 11, the circuit shown in FIG. 12 has a series circuit 
composed of varactors 114 and 115 connected in series 
oppositely with respect to those of the varactors 105 and 119, 
respectively, this second series circuit being connected in 
parallel with the first series circuit. Further, a voltage 
control terminal 113 is connected between the varactors 105 
and 119, while a voltage control terminal 112 is connected 
between the varactors 114 and 115. This circuit can solve 
the above problems (1) and (2) while balancing the parasitic 
capacitance to ground in the circuit as a whole. 

However, the circuit shown in FIG. 10 can solve the 
problems (1) and (2) but not the problem (3) . 

Further, with the circuit shown in FIG. 12, no problems 
occur if each varactor has a linear voltage-capacitance 
characteristic . However , if this characteristic is nonlinear , 
the circuit in FIG. 12 cannot solve the problem (1) or (2) . 
This will be described with reference to FIG. 13. 

FIG. 13 shows a part composed of the varactors 105, 119, 
114, and 115 from FIG. 12. First, an initial state is assumed 
in which a voltage of 2 V is applied to the voltage control 
terminal 112 , a voltage of 4 V is applied to the voltage control 



terminal 113, and a voltage of 3 V is applied to the supply 
line . In this case , a voltage of 1 V, i . e . a difference between 
the voltage of each voltage control terminal and the supply 
voltage , is applied across each varactor . When a capacitance 
determined by each varactor is defined as C, the capacitance 
of the whole circuit, shown in FIG. 13, is expressed as follows: 
[Equation 1] 

(C X C) / (C -»- C) + (C X c) / (c + C) = c 
Now, it is assumed that noise is superimposed on the 
voltage control line. Since each voltage control line is 
expected to be equally affected by noise, a noise component 
of the same phase is superimposed on each voltage control line . 
That is, it is assumed that a noise component of 0 . 1 V affects 
the voltage applied to the voltage control terminal 112, i.e. 
2 V, which thus becomes 2.1V. It is similarly assumed that 
a noise component of 0 . 1 V affects the voltage applied to the 
voltage control terminal 113, i.e. 4 V, which thus becomes 
4.1 V. 

In this case, the voltage applied to the varactors 114 
and 115 is 3 - 2 . 1 = 0 . 9 V. - The voltage applied to the varactors 
105 and 119 is 4.1 - 3 = 1.1 V. Here, if each varactor is 
assumed to have linear characteristics, the varactors 114 and 
115 have a capacitance of 0.9 C, whereas the varactors 105 
and 119 have a capacitance of 1.1 c. As described above, the 



capacitance of the whole circuit, shown in FIG. 13, is 
calculated as follows: 
[Equation 2] 

(0.9C X 0.9C) / (0.9C + 0.9C) + (l.lC X I.IC) / (l.lc 
+ 1 . IC) = c 

However, each varactor generally has a nonlinear 
voltage-capacitance characteristic, for example, as shown in 
FIG. 14. With such non-linearity assumed, for example, the 
varactors 114 and 115 have a capacitance of 3 C, whereas the 
varactors 105 and 119 have a capacitance of 0.5 C. In this 
case, the capacitance of the whole circuit, shown in FIG. 13, 
is calculated as follows: 

[Equation 3] 

(0.5C X 0.5C) / (0.5C + 0.5C) + (3C X 3C) / (3C + 3C) 
= 1.75C 

This deviates from the result obtained under the assumption 
that each varactor has linear characteristics . As described 
above, with the non-linearity of each varactor assumed, the 
circuit shown in FIG. 12 cannot solve the above problem (1) . 

Further, FIG. 21 shows a variation (see U.S. Patent No. 
6292065) of the circuit shown in FIG . 12 . In the circuit shown 
in FIG. 21, a bias voltage is applied to terminals 162, 164, 
166, and 168. A signal voltage is inputted to terminals 1118 
and 1120. If varactors 122, 124, 126, and 128 have nonlinear 



characteristics , 
(1) for a reason 



this circuit also cannot solve the 
similar to that described above. 



problem 



SUMMARY OF THE INVENTION 

In view of the above problems, it is an object of the 
present invention to provide an oscillator that can balance 
the characteristics of a circuit without being affected by 
noise from a signal line or a supply line, a PLL circuit that 
utilizes this oscillator, or communication equipment that 
utilizes this oscillator or PLL circuit. 

It is an object of the present invention to provide an 
oscillator that can balance the characteristics of a circuit 
withoutbeingaffectedbynoisefroma signal line, aPLL circuit 
that utilizes this oscillator , or communication equipment that 
utilizes this oscillator or PLL circuit. 

The first aspect of the present invention is an oscillator 
comprising a resonance circuit comprising: 

a first series connected circuit having an inductive 
impedance element; 

a second series connected circuit having a first 
capacitive impedance element, a first variable capacitive 
impedance element connected in series with said first 
capacitive impedance element and having a directional 
characteristic, and a second capacitive impedance element 
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connected in series with said first variable capacitive 
impedance element; and 

a third series connected circuit having a third capacitive 
impedance element, a second variable capacitive impedance 
element connected in series with said third capacitive 
impedance element and having a directional characteristic, 
and a fourth capacitive impedance element connected in series 
with said second variable capacitive impedance element, and 
wherein said first series connected circuit, said second 
series connected circuit, and said third series connected 
circuit are connected in parallel, and said first variable 
capacitive impedance element and said second variable 
capacitive impedance element are oppositely connected with 
respect to either connection side of said second series 
connected circuit and said third series connected circuit. 



and 



wherein variable capacities of said first variable 
capacitive impedance element and said second variable 
capacitive impedance element are externally controlled to be 



varied. 



The second aspect of the present invention is the 
oscillator according to the first aspect of the present 
invention, wherein the directional characteristic of said 
first variable capacitive impedance element and said second 
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variable capacitive impedance element is a parasitic 
capacitance to ground, and one of the terminals of each of 
said first and second variable capacitive impedance elements 
which has a larger parasitic capacitance to ground is defined 
as a first terminal, while the other, which has a smaller 
parasitic capacitance to ground, is defined as a second 
terminal, and a first control voltage is applied to the first 
terminal of each of said first and second variable capacitive 
impedance elements, while a second control voltage is applied 
to the second terminal of each of said first and second variable 
capacitive impedance elements, said first control voltage and 
said second control voltage being adjusted to determine an 
oscillation frequency. 



The third aspect of the present invention is an oscillator 
comprising a resonance circuit comprising: 

a first series connected circuit having an inductive 
impedance element; 

a second series connected circuit having a first 
capacitive impedance element, a first variable capacitive 
impedance element connected in series with said first 
capacitive impedance element and having a predetermined 
directional characteristic, a second variable capacitive 
impedance element connected in series with and opposite said 
first variable capacitive impedance element, and a second 
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capacitive impedance element connected in series with said 
second variable capacitive impedance element; and 

a third series connected circuit having a third capacitive 
impedance element, a third variable capacitive impedance 
element connected in series with said third capacitive 
impedance element and having a predetermined directional 
characteristic, a fourth variable capacitive impedance 
element connected in series with and opposite said third 
variable capacitive impedance element , and a fourth capacitive 
impedance element connected in series with said fourth variable 
capacitive impedance element, and 

wherein said first series connected circuit, said second 
series connected circuit, and said third series connected 
circuit are connected in parallel, and said second variable 
capacitive impedance element and said fourth variable 
capacitive impedance element are oppositely connected with 
respect to either connection side of said second series 

connected circuit and said third series connected circuit, 
and 

wherein one of the terminals of each of said first , second, 
third, and fourth variable capacitive impedance elements which 
has a larger value of said predetermined characteristic, is 
defined as a first terminal while the other , which has a smaller 
value of said predetermined characteristic, is defined as a 
second terminal, a first control voltage is applied to the 



first terminal of each of said first, second, third, and fourth 
variable capacitive impedance elements , while a second control 
voltage is applied to the second terminal of each of said first, 
second, third, and fourth variable capacitive impedance 
elements, said first control voltage and said second control 
voltage being adj usted to determine an oscillation frequency . 



The fourth aspect of the present invention is the 
oscillator according to the third aspect of the present 
invention, wherein the value of said predetermined 
characteristic is a parasitic capacitance to ground. 



The f if thaspect of the present invention is the oscillator 
according to the first aspect of the present invention, wherein 
said variable capacitive impedance element utilizes a gate 
capacity of a MOS transistor formed by a CMOS pro^ 



cess . 



The sixth aspect of the present invention is a PLL circuit 
comprising : 

an oscillator according to the secondaspect of the present 
invention ; 

a charge pump to which a reference signal and an 
oscillation signal outputted by said oscillator are inputted 
and by which two output voltages are outputted in accordance 



with a difference in phase between said reference signal and 
said oscillation signal; and 

a loop filter which low pass filters the two output 
voltages outputted by said charge pump, and 

wherein, two outputs of said loop filter are connected 
to said oscillator so as to apply said first control voltage 
and said second control voltage to said oscillator. 



The seventh aspect of the present invention is a PLL 
circuit comprising: 

an oscillator according to the second aspect of the present 
invention ; 

phase comparison means to which a reference signal and 
an oscillation signal outputtedby said oscillator are inputted 
and by which two output voltages are outputted as an exclusive 
OR (XOR) of said reference signal and said oscillation signal 
and as a signal (XNOR) obtained by reversing said exclusive 
OR ; and 

a loop filter which low pass filters the two output 
voltages , and 

two outputs of said loop filter are connected to said 
oscillator so as to apply said first control voltage and said 
second control voltage to said oscillator. 



- 13 - 



The eighth aspect of the present invention is the PLL 
circuit according to the sixth or the seventh aspects of the 
present invention, wherein one of the ends of each of a first 
and second switches is connected to a corresponding one of 
the two outputs of said loop filter, and the other end of each 
of said first and second switches is connected to a DC power 
source having a predetermined voltage. 



The ninth aspect of the present invention is the PLL 
circuit according to the sixth or the seventh aspects of the 
present invention, wherein a reference voltage difference 
corresponding to a desired oscillation frequency is inputted 
to said oscillator using a desired timing. 



The tenth aspect of the present invention is the PLL 

circuit according to the sixth aspect of the present invention , 

wherein central voltage detecting means is connected to the 

two outputs of said loop filter to detect a central voltage 

between said first control voltage and said second control 

voltage, and a central voltage detection signal outputted by 

said central voltage detecting means is fed back to said charge 
pump . 



The eleventh aspect of the present invention is the PLL 
circuit according to the sixth or the seventh aspects of the 



present invention, wherein said loop filter has a first input 
terminal and a second input terminal to which the respective 
output voltages outputted by the charge pump are inputted, 
and a first output terminal and a second output terminal used 
to output said first control voltage and said second control 
voltage, respectively, to said oscillator, and is configured 
so that an impedance from said first input terminal to said 
first output terminal is equal to an impedance from said second 
input terminal to said second output terminal, an impedance 
from said first input terminal to said second output terminal 
is equal to an impedance from said second input terminal to 
said first output terminal, and a floating capacity of the 
whole loop filter is balanced. 



The twelfth aspect of the present invention is 
communication equipment comprising a transmission circuit, 
a reception circuit, and an antenna, wherein said transmission 
and/or reception circuit has an oscillator according to claim 
1 or a PLL circuit according to the sixth or the seventh aspects 
of the present invention. 



The thirteenth aspect of the present invention is an 
oscillating method using an oscillation circuit comprising 
a resonance circuit comprising: 



a first series connected circuit having an inductive 
impedance element; 

a second series connected circuit having a first 
capacitive impedance element, a first variable capacitive 
impedance element connected in series with said first 
capacitive impedance element and having a directional 
characteristic, and a second capacitive impedance element 
connected in series with said first variable capacitive 
impedance element; and 

a third series connected circuit having a third capacitive 

impedance element, a second variable capacitive impedance 

element connected in series with said third capacitive 

impedance element and having a directional characteristic, 

and a fourth capacitive impedance element connected in series 

with said second variable capacitive impedance element, and 

wherein said first series connected circuit, said second 

series connected circuit, and said third series connected 

circuit are connected in parallel, and said first variable 

capacitive impedance element and said second variable 

capacitive impedance element are oppositely connected with 

respect to either connection side of said second series 

connected circuit and said third series connected circuit, 
and 

wherein variable capacities of said first variable 
capacitive impedance element and said second variable 
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capacitive impedance element are externally controlled to bi 
varied. 



BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a circuit diagram showing a configuration of 
a voltage-controlled oscillator according to Embodiment 1 of 
the present invention; 

FIG. 2 is a circuit diagram showing a configuration of 
a voltage-controlled oscillator according to Embodiment 2 of 
the present invention; 

FIG. 3 is a circuit diagram showing a configuration of 
a PLL circuit according to Embodiment 3 of the present 
invention ; 

FIG. 4 is a circuit diagram showing an example of a 
configuration of a loop filter in the PLL circuit according 
to Embodiment 3 of the present invention; 

FIG. 5 is a circuit diagram showing a configuration of 
a PLL circuit according to Embodiment 4 of the present 
invention ; 

FIG. 6 is a circuit diagram showing a configuration of 
a PLL circuit according to Embodiment 5 of the present 
invention; 

FIG. 7 is a circuit diagram showing another example of 
the configuration of the PLL circuit according to Embodiment 
5 of the present invention; 



FIG. 8 is a chart illustrating operations of the PLL 
circuit according to Embodiment 5 of the present invention; 

FIG. 9 is a circuit diagram showing a configuration of 
a conventional voltage-controlled oscillator; 

FIG. 10 is a circuit diagram showing a configuration of 
a conventional voltage-controlled oscillator; 

FIG. 11 is a circuit diagram showing a configuration of 
a conventional voltage-controlled oscillator; 

FIG. 12 is a circuit diagram showing a configuration of 
a conventional voltage-controlled oscillator; 

FIG. 13 is a circuit diagram showing a part of a 
configuration of a conventional voltage-controlled 
oscillator ; 

FIG. 14 is a chart illustrating operations of a 
conventional voltage-controlled oscillator; 

FIG. 15 is a circuit diagram showing a variation of the 
voltage-controlled oscillator according to one of the 
embodiments of the present invention; 

FIG. 16 is a circuit diagram showing a variation of the 
voltage-controlled oscillator according to one of the 
embodiments of the present invention; 

FIG. 17 is a circuit diagram showing a variation of the 
PLL circuit according to one of the embodiments of the present 
invention ; 



FIG. 18 is a chart illustrating operations of the PLL 
circuit according to one of the embodiments of the present 
invention; 

FIG. 19 is a chart illustrating operations of the PLL 
circuit according to one of the embodiments of the present 
invention ; 

FIG. 20 is a block diagram showing a configuration of 
a communication equipment comprising the voltage-controlled 
oscillator according to one of the embodiments of the present 
invention or the PLL circuit according to one of the embodiments 
of the present invention; and 

FIG. 21 is a circuit diagram showing a configuration of 
a conventional voltage-controlled oscillator. 



Description of Symbols 

4, 11 Varactors 

15, 16 Transistors 

18, 19 Voltage control terminals 

17 Power terminal 

50 Voltage-controlled oscillator 

51 Phase frequency comparator 

52, 53, 54, 55 Constant current circuits 
58, 59, 60, 61 Switches 
56 Loop filter 
83, 84 Switches 



85 Reference bias power source 

86 Central voltage detecting means 



PREFERRED EMBODIMENTS OF THE INVENTION 

(Embodiment 1) 

FIG. 1 shows a circuit of an oscillator according to 
Embodiment 1 of the present invention. The circuit shown in 
FIG. 1 has a first series connected circuit 88 as an example 
of a first series connected circuit according to the present 
invention which circuit comprises a coil 1 as an example of 
an inductive impedance element according to the present 
invention , a coil 2 as another example of an inductive impedance 
element according to the present invention which coil is 
connected in series with the coil 1, and a power terminal 17 
as an example of a power terminal according to the present 
invention which terminal is connected between the coils 1 and 
2 for a power supply; a second series connected circuit 89 
as an example of a second series connected circuit according 
to the present invention which circuit comprises a capacitor 
5 as an example of a first capacitive impedance element 
according to the present invention, a varactor 4 as an example 
of a first variable capacitive impedance element according 
to the present invention which varactor is composed of a 
terminal (hereinafter referred to as a "first terminal") 
connected to the capacitor 5 and to an electrode produced by 



short-circuiting a drain and a source of a MOSFET, and a 
capacitor 3 as an example of a second capacitive impedance 
element according to the present invention which capacitor 
is connected to a terminal (hereinafter referred to as a " second 
terminal") connected to a gate electrode of the varactor 4; 
and a third series connected circuit 90 an example of a third 
series connected circuit according to the present invention 
which circuit comprises a capacitor 12 as an example of a third 
capacitive impedance element according to the present 
invention, a varactor 11 as an example of a second variable 
capacitive impedance element according to the present 
invention which varactor has a second terminal connected to 
the capacitor 12, and a capacitor 10 as an example of a fourth 
capacitive impedance element which capacitor is connected to 
a first terminal of the varactor 11 . The first series connected 
circuit 88, the second series connected circuit 89, and the 
third series connected circuit 90 are connected in parallel 
in a way that the coil 1 and the capacitors 5 and 12 are connected 
to the respective series connected circuits, while the coil 
2 and the capacitors 3 and 10 are connected to the respective 
series connected circuits to form a resonance circuit. 

The first terminal of each of the varactor s 4 and 11 is 
produced by short-circuiting the drain and source of the MOSFET 
(MOS transistor) formed by a CMOS process as described above. 
Its second terminal comprises a gate of the MOSFET. Thus, 



the capacitance of each of the varactors 4 and 11 comprises 
a gate capacity. Accordingly, since the MOSFET is designed 
so that the first terminal is connected to a substrate, the 
first terminal has a larger parasitic capacitance to ground 
than the second terminal. Specifically, the varactors 4 and 
11 each have a directional parasitic capacitance to ground. 

In the resonance circuit formed as described above, the 
second series connected circuit 89 and the third series 
connected circuit 90 are connected together so that the 
varactors 4 and 11 have opposite directionalities with respect 
to either connection side of the second series connected 
circuit 89 and third series connected circuit 90. 

In the above resonance circuit, a voltage control terminal 
18 is connected to the first terminal of the varactor 4 via 
a resistor 6 and to the first terminal of the varactor 11 via 
a resistor 8, in order to supply a first control voltage. 
Further, a voltage control terminal 19 is connected to the 
second terminal of the varactor 4 via a resistor 7 and to the 
second terminal of the varactor 11 via a resistor 9, in order 
to supply a second control voltage. 

In the resonance circuit configured as described above, 
a gate of a transistor 15 and a drain of a transistor 16 are 
connected to a connection point of each of the coil 1 and the 
capacitors 5 and 12. A gate of the transistor 16 and a dra 
of the transistor 15 are connected to a connection point of 
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each of the coil 2 and the capacitors 3 and 10. On the other 
hand , a source of the transistor 16 and a source of the transistor 
15 are connected together and to one of the terminals of a 
current source 20. The other terminal of the current source 
2 0 is grounded. 

Now, description will be given of operations of the 
oscillator configured as described above. 

A supply voltage is supplied by the power terminal 17 
to the transistors 16 and 15 via the coils 1 and 2 , respectively. 
Outputs from the transistors 16 and 15 are looped back to the 
gates of the transistors 15 and 16, respectively. Thus, an 
oscillation signal is generated which has a frequency 
determined by the resonance circuit. 

On the other hand, a first control voltage Vti inputted 
through a voltage control terminal 18 is applied to the first 
terminal of the varactor 4 via the resistor 6 and to the first 
terminal of the varactor 11 via the resistor 8. A second 
control voltage Vt2 inputted through a voltage control terminal 
19 is applied to the second terminal of the varactor 4 via 
the resistor 7 and to the second terminal of the varactor 11 
via the resistor 9. Consequently, the differential voltage 
between Vti and Vt2 is applied to the varactors 4 and 11. in 
this case, the varactor 4 is blocked by the capacitors 5 and 
3 and is thus not supplied with the supply voltage . Likewise , 
the varactor 11 is hindered by the capacitors 12 and 10 from 
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being supplied with the supply voltage. In this manner, the 
varactors 4 and 11 have their capacities determined only by 
the differential voltage between Vti and Vt2 • 

A resonance frequency is determined by the parallel 
resonance circuit composed of the second series connected 
circuit 89 containing the thus determined capacitance of the 
varactor 4, the third series connected circuit 90 containing 
the similarly determined capacitance of the varactor 11, and 
the first series connected circuit 88. 

In this case, it is assumed that Vti and Vt2 are affected 
by noise. If a PLL circuit having the above oscillator 
constitutes a wireless part of a mobile communication terminal 
or the like and a circuit operating on the basis of a large 
current and this PLL circuit are mounted on the same substrate, 
then noise is generated by a variation in voltage with respect 
to ground or supply voltage occurring at the rising edge of 
a power amplifier or by the interference of electromagnetic 
fields caused by electromagnetic waves emitted by an antenna. 
Such noise may affect Vti and V^a with the same phase. Since 
the differential voltage between Vti and Vt2 is applied across 
the varactors 4 and 11, this noise is canceled and does not 
produce any adverse effects. 

On the other hand, even if the supply voltage is affected 
by the noise and a noise component passes through the capacitors 
5 and 3, the same voltage affected by the noise is applied 
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to both ends of the varactor 4. Consequently, these noise 
components are canceled to prevent the varactor 4 from being 
affected by the noise from the supply voltage . Likewise, the 
varactor 11 is not af f ectedby the noise from the supply voltage . 

Further, the second series connected circuit 89 and the 
third series connected circuit 90 are connected together so 
that the varactors 4 and 11 have opposite directionalities . 
Thus, in the resonance circuit as a whole, the balance of the 
parasitic capacitance to ground is maintained . This prevents 
the oscillation frequency andbalance operations of the circuit 
from being adversely affected. 

As described above, the oscillator of the present 
embodiment can eliminate the adverse effects of noise from 
the voltage control line and supply line. This in turn 
eliminates the adverse effects of the imbalance of the 
parasitic capacitance to ground on the resonance circuit. 

(Embodiment 2) 

FIG. 2 shows a circuit representing a configuration of 
an oscillator according to Embodiment 2 of the present 
invention . 

In the configuration of the circuit according to the 
present embodiment, the same components as those of the 
oscillator according to Embodiment 1 are denoted by the same 
reference numerals. Their description is omitted. The 
present embodiment differs from Embodiment 1 in the points 



described below. A second series connected circuit 91 is 
composed of the capacitor 5, a varactor 21 as an example of 
the first variable capacitive impedance element according to 
the present invention which varactor has a first terminal 
connected to the capacitor 5, a varactor 22 as an example of 
the second variable capacitive impedance element according 
to the present invention which varactor has a second terminal 
connected to a second terminal of the varactor 21, and the 
capacitor 3 connected to a first terminal of the varactor 22. 
A third series connected circuit 92 is composed of the capacitor 
12 , a varactor 23 as an example of the third variable capacitive 
impedance element according to the present invention which 
varactor has a second terminal connected to the capacitor 12, 
a varactor 24 as an example of the fourth variable capacitive 
impedance element according to the present invention which 
varactor has a first terminal connected to a first terminal 
of the varactor 23, and the capacitor 10 connected to a second 
terminal of the varactor 24. 

Further, the voltage control terminal 18 is connected 
to the first terminal of the varactor 21 of the second series 
connected circuit via a resistor 27, to the first terminal 
of the varactor 22 via a resistor 28 , and to the first terminals 
of the varactors 23 and 24 of the third series connected circuit 
viaa resistor 26 . The voltage control terminal 19 is connected 
to the second terminal of the varactor 23 of the third series 



connected circuit via a resistor 29, to the second terminal 
of the varactor 24 via a resistor 30 , and to the second terminals 
of the varactors 21 and 22 of the second series connected circuit 
via a resistor 25. 

With the oscillator configured as described above, the 
differential voltage between Vti and Vt2 is always applied to 
each varactor. Accordingly, even if each varactor has a 
nonlinear voltage-capacitance characteristic, noise 
superimposed on Vti andVt2 is canceled and becomes ineffective. 

Further, in the second series connected circuit 91, the 
varactors 21 and 22 are connected to have opposite 
directionalities . In the third series connected circuit 92, 
the varactors 23 and 24 are connected to have opposite 
directionalities. The varactors 22 and 24 are connected to 
have opposite directionalities with respective to a connection 
side of the capacitors 3 and 10, i.e. one of the connection 
sides of the second series connected circuit 91 and the third 
series connected circuit 92. Consequently, in the whole 
resonance circuit, the balance of the parasitic capacitance 
to ground is maintained. This prevents the reasonance 
frequency and balance operations of the circuit from being 
adversely affected. 

Thus, even if each varactor has a nonlinear 
voltage-capacitance characteristic, the oscillator of the 
present embodiment can eliminate the adverse effects of noise 



from the voltage control line . It is also possible to eliminate 
the adverse effects of the imbalance of the parasitic 
capacitance to ground on the resonance circuit. 

In the above description, the power terminal 17 is 
installed between the coils 1 and 2. However, the power 
terminal 17 may be located at the connection point between 
transistors 15' and 16' as shown in FIG. 15. In this case, 
the first series connected circuit according to the present 
invention is composed of the coils 1 and 2. Alternatively, 
the first series connected circuit according to the preset 
invention may be configured to have a single coil. 

Alternatively, as shown in FIG. 16, one side of a current 
source 20' may be connected to the connection point between 
the transistors 15' and 16 • . Further, the connection point 
between coils 1' and 2' may be grounded. In this case, the 
power terminal 17 is connected to the other side of the current 
source 20' . This configuration can produce effects similar 
to those described above. 

(Embodiment 3) 

As Embodiment 3 of the present invention, FIG. 3 shows 
a PLL circuit that utilizes a voltage-controlled oscillator 

(VCO) 50 according to Embodiments 1 and 2. The PLL circuit 
according to Embodiment 3 has a phase frequency comparator 

(PFD) 51 that compares the phase of a reference signal fr with 
the phase of an oscillation signal obtained from the 
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voltage-controlled oscillator 50 to output an up signal and 
a down signal. An up signal output of the phase frequency 
comparator 51 is in coiiununication with switches 58 and 61 so 
as to simultaneously open and close them in a controllable 
manner . A down signal output of the phase frequency comparator 
51 is in communication with switches 60 and 59 so as to 
simultaneously open and close them in a controllable manner. 

Specifically, when the phase frequency comparator 51 
outputs an up signal, the switches 58 and 61 are turned on, 
while the switches 59 and 60 are turned off. On the other 
hand, when the phase frequency comparator 51 outputs a down 
signal, the switches 58 and 61 are turned of f, while the switches 
59 and 60 are turned on. These operations can be accomplished 
by, for example, constructing the switches 58 and 61 using 
n-MOS transistors, while constructing the switches 59 and 60 
using p-MOS transistors. 

One end of the switch 58 is connected to a charging supply 
voltage via a constant current circuit 52. The other end of 
the switch 58 is connected to one end of the switch 60. The 
other end of the switch 60 is grounded via a constant current 
circuit 54. On the other hand, one end of the switch 59 is 
connected to the charging supply voltage via a constant current 
circuit 53. The other end of the switch 59 is connected to 
one end of the switch 61. The other end of the switch 61 is 
grounded via a constant current circuit 55. A charge pump 



87 is constituted by the phase frequency comparator 51, the 
switches 58, 59, 60, and 61, and the constant current circuits 
52, 53, 54, and 55. 

An input of a loop filter 56 connects to a line (hereinafter 
referred to as a " first connection line" ) connecting the other 
end of the switch 58 and one end of the switch 60 together 
and to a line (hereinafter referred to as a "second connection 
line") connecting the other end of the switch 59 and one end 
of the switch 61 together. An output of the loop filter 56 
is connected to the voltage control terminals 18 and 19 of 
the voltage-controlledoscillator 50 as a voltage control line . 
Further, in order to return a part of the oscillation signal 
generatedby the voltage-controlledoscillator 50 , to the input 
of the phase frequency comparator 51, the voltage-controlled 
oscillator 50 is connected to the input of the phase frequency 
comparator 51 via a feedback line 57. 

Description will be given of operations of the PLL circuit 
configured as described above. An oscillation signal 
obtained from the voltage-controlled oscillator 50 is inputted 
to the input of the phase frequency comparator 51 via the 
feedback line 57 . The phase frequency comparator 51 compares 
the phase of the reference signal fr with the phase of the 
inputted oscillation signal to output an up signal or a down 
signal from its output on the basis of the result of the 
comparison. 
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Specifically, if the phase of the oscillation signal is 
delayed compared to the phase of the reference signal fr, an 
up signal is outputted in accordance with the degree of the 
delay. Then, the switches 58 and 61 are intermittently and 
simultaneously turned on at predetermined time intervals 
according to the up signal. 

With these operations, the first connection line is 
charged by the power source and has its voltage increased. 
In contrast, the second connection line discharges to the 
ground and thus has its voltage decreased. In this manner, 
after having its low pass filtered by the loop filter 56, a 
control signal is inputted to the voltage-controlled 
oscillator 50 as a differential voltage in which the voltage 
of the first connection line and the voltage of the second 
connection line vary complementarily . The resonation 
frequency is adjusted in accordance with this differential 
voltage. 

On the other hand, if the phase of the oscillation signal 
is advanced compared to the phase of the reference signal, 
a down signal is outputted in accordance with the degree of 
the advancement. Then, the switches 59 and 60 are 
intermittently turned on at predetermined time intervals 
according to the down signal. 

In contrast, with the above operations, the first 
connection line discharges to the ground and thus has its 



voltage decreased, whereas the second connection line is 
charged by the power source and has its voltage increased. 
In this manner, a control voltage is inputted to the 
voltage-controlled oscillator 50 as a differential voltage 
in which the voltage of the first connection line and the voltage 
of the second connection line vary complementarily . The 
resonation frequency is adjusted in accordance with this 
differential voltage . 

The loop filter 56 as described above in the present 
embodiment is configured, for example, as shown in FIG. 4. 

The loop filter 56, shown in FIG. 4, has a capacitor 73 
connected in parallel with input terminals 71 and 72, a 
capacitor 95 connected in. parallel with the capacitor 73, a 
series connected circuit composed of a capacitor 74 , a resistor 
75 , and a capacitor 76 connected in parallel with the capacitor 
95, resistors 77 and 79 interposed in series between the input 
terminal 71 and an output terminal 81, resistors 78 and 80 
interposed in series between the input terminal 72 and an output 
terminal 82, a capacitor 94 connectively arranged to join the 
connection point between the resistors 77 and 79 and the 
connection point between the resistors 78 and 80, and a 
capacitor 96 connected in parallel with the capacitor 94. 

If the loop filter 56 is formed on an integrated substrate , 
each capacitor has a directional floating capacity because 
its two electrodes have different floating capacities with 



respect to the substrate. Thus, in this case, the capacitors 
73 and 95 are connected together so as to have opposite 
directionalities with respect to either connection side of 
them. The capacitors 74 and 7 6 are connected together so as 
to have opposite directionalities with respect to the resistor 
75. The capacitors 94 and 96 are connected together so as 
to have opposite directionalities with respect to either 
connection side of them. The capacitors are thus connected 
together so as to balance the floating capacity of the whole 
loop filter 56. 

Further, the loop filter 56 is configured to balance its 
own impedance. Specifically, values for each capacitor and 
each resistor are set so that the impedance between the input 
terminal 71 and the output terminal 81 equals the impedance 
between the input terminal 72 and the output terminal 82 and 
so that the impedance between the input terminal 71 and the 
output terminal 82 equals the impedance between the input 

I 

terminal 72 and the output terminal 81. When the loop filter 
56 as a whole has an electric symmetry, an output signal from 
the loop filter 56 is not imbalanced if a differential signal 
is inputted to it. 

In the description of the present embodiment, the loop 
filter 56 is configured as shown in FIG. 4. However, the 
present invention is not limited to this example . An arbitrary 
configuration may be used provided that the impedance between 
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the input terminal 71 and the output terminal 81 equals the 

impedance between the input terminal'72 and the output terminal 

82, while the impedance between the input terminal 71 and the 

output terminal 82 equals the impedance between the input 

terminal 72 and the output terminal 81 and that the total 

floating capacity is balanced, as described above. Such a 

configuration produces effects similar to those described 
above . 

Further, in the description of the present embodiment, 
an input signal from the feedback line 57 and the reference 
signal fr are each a single-phase signal. However, these 
signals may each be a differential signal. 

(Embodiment 4) 

FIG. 5 shows a configuration of a PLL circuit according 
to Embodiment 4 of the present invention. The configuration 
of the PLL circuit of Embodiment 4 differs from the 
configuration of the PLL circuit shown in FIG. 3 in that a 
reset circuit 93 is provided between the loop filter 56 and 
the voltage-controlled oscillator 50 . The other components 
of the PLL circuit of the present embodiment are similar to 
those of the PLL circuit shown in FIG. 3 . The same components 
are denoted by the same reference numerals, and their 
description is omitted. 

Specifically, one end of a switch 83 operating in 
accordance with a reset signal is connected to a first control 



voltage line (hereinafter referred to as a "Vti line") from 
the output of the loop filter 56. Similarly, one end of a 
switch 84 operating in accordance with a reset signal is 
connected to a second control voltage line (hereinafter 
referred to as a "Vtz line") from the output of the loop filter 
56. The other ends of the switches 83 and 84 are connected 
to one of the polarities of a reference bias power source 85 
as an example of a DC power source according to the present 
invention which power source supplies a reference bias voltage . 
The other polarity of the reference bias power source 85 is 
grounded. in this manner, a reset circuit 93 is composed of 
a reset switch (not shown) that generates a reset signal, the 
switches 83 and 84, and the reference bias power source 85. 

According to the PLL circuit configured as described above , 
the voltages Vti and Vta can be reset to the reference bias 
voltage by providing a reset signal. For example, when the 
oscillation frequency is to be changed, the voltage-controlled 
oscillator can be stably operated by resetting the Vti and 
Vt2 lines to the reference bias voltage. 

Further, since the reset circuit 93 is provided between 
the loop filter 56 and the voltage-controlled oscillator, the 
Vti and Vt2 lines can immediately be reset to the reference 
bias voltage (without being affected by the transient response 
of the loop filter) as soon as the reset signal is outputted. 



A reference voltage difference may be inputted rather 
than supplying the reference bias voltage to the Vti and Vt2 

« 

lines. FIG. 17 shows such an example. In a reset circuit 
93- in the PLL circuit shown in FIG. 17, a power source 85' 
is connected to the Vti line via a switch 83 • . A power source 
85" is connected to the Vtz line via a switch 84 ' . The voltages 
at the power sources 85' and 85" are adjusted so that the 
difference (reset voltage) between these voltages corresponds 
to a desired frequency (seeFIG. 18) . The relationship between 
voltage difference and frequency shown in FIG. 18 can be 
obtained through preliminary measurements . By turning on the 
switches 83' and 84' using a predetermined timing, the 
oscillation frequency of the voltage-controlled oscillator 
50 can be set to be closer to the desired frequency. As a 
result, it is possible to shorten the convergence time of the 
PLL circuit. 

(Embodiment 5) 

FIG. 6 shows a configuration of a PLL circuit according 
to Embodiment of the present invention. The configuration 
of the PLL circuit of the fifth embodiment differs from the 
configuration of the PLL circuit described in FIG. 3 in that 
central voltage detecting means 86 is provided to detect the 
central value between the voltages across the Vti and Vtz lines . 
The other components of the PLL circuit of the present 
embodiment are similar to those of the PLL circuit shown in 



FIG. 3 . The same components are denoted by the same reference 
numerals and their description is omitted. 

The PLL circuit shown in FIG. 6 is configured so that 
an input of the central voltage detecting means 86 is connected 
to the Vti and Vta lines, which are the outputs of the loop 
filter 56 . Connections in this circuit are such that outputs 
from the central voltage detecting means 86 are fed back to 
the phase frequency comparator 51 . 

In this PLL circuit , the central voltage detecting means 
86 detects the voltages across the Vti and Vtz lines and 
calculates the average of these voltages as a central voltage . 
The calculated central voltage is transmitted to the phase 
frequency comparator 51. The phase frequency comparator 51 
compares the central voltage transmittedby the central voltage 
detecting means 86 with a charging supply voltage connected 

to the constant current circuit 52 or constant current circuit 
53 . 

In this case , the central voltage deviates over time unless 
the charge and discharge characteristics of the charge pump 
87 are completely balanced. For example, it is assumed that 
the voltage-controlled oscillator 50 has the oscillation 
frequency characteristic shown in FIG. 19 with respect to a 
voltage difference in control voltage (V^i - V^z) and that the 
oscillation frequency is to be changed from f 1 to f 2 . In this 
case, if the central voltage deviates upward (toward the supply 



voltage shown in FIG. 8 (A) ) , Vti becomes equal to the supply 
voltage at a certain point on time . Subsequently , the required 
voltage difference cannot be obtained using the two control 
voltages Vti and Vt2 • 

Once the central voltage reaches a predetermined value 
(for example, Vo, shown in FIG. 8(A)), the phase frequency 
comparator 51 turns on the switches 60 and 61 for a predetermined 
time. Then, the central voltage decreases as shown in FIG. 
8 (B) , so that the oscillation frequency of the 
voltage-controlled oscillator 50 can be stably controlled. 

In contrast, once the central voltage reaches a 
predetermined value close to a ground voltage, the phase 
frequency comparator 51 turns on the switches 58 ands 59 for 
a predetermined time to increase the central voltage. 

In the above description , once the central voltage reaches 
a value close to the supply voltage, the switches 60 and 61 
are turned on to reduce the central voltage. However, a 
possible decrease in central voltage (shown in FIG. 8 (A) ) may 
be detected to turn on the switches 60 and 61 to reduce the 
central voltage . Further , rather than turning on the switches 
58 and 59 to increase the central voltage when the latter reaches 
a predetermined value close to the ground voltage, a possible 
increase in the central voltage may be detected to turn on 
the switches 60 and 61 to increase the central voltage. 
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In the above description, the inductive impedance element 
according to the present invention is a coil. However, it 
is not limited to the coil but may be, for example, a strip 
line or any other component having an inductive impedance. 
Also in this configuration , effects similar to those described 
above are produced. 

Further, in the above description, outputs from the 
voltage-controlled oscillator 50 are fed back to the charge 
pump 87, which then controls the frequency of the 
voltage-controlledoscillator 50 . However, an XOR comparator 
maybe used to control the frequency of the voltage-controlled 
oscillator 50 . 

FIG. 7 shows a configuration of the corresponding PLL 
circuit. In the PLL circuit shown in FIG. 7 has a phase 
comparator 99 as an example of phase comparing means according 
to the present invention, in place of the charge pump 87, shown 
in FIG . 6 . The phase comparator 99 outputs two voltage outputs 
including an exclusive OR (XOR) of an inputted reference signal 
and a signal fed back from the output of the voltage-controlled 
oscillator 50, as well as a signal (XNOR) obtained by reversing 
the exclusive OR. With such a PLL circuit using the phase 
comparator 99, two output voltages are determined from the 
result of calculation of the two input signals . Consequently , 
the central voltage between the output signals is stabilized, 
thus providing a PLL circuit operating stably. 



The PLL circuit shown in FIG. 7 may employ the reset 
circuits 93 and 93', described above. 

In the above description, the first, second, third, and 
fourth capacitive impedance elements according to the present 
invention are capacitors. However, they are not limited to 
the capacitors but may be strip lines or the like or any other 
components having a capacitive impedance . Also in this case , 
effects similar to those described above are produced. 

Further, in the above description, the Vti line is 
connected to the first terminal of each varactor, whereas the 
Vt2 line is connected to its second terminal. The Vt2 line 
may be connected to the first terminal of each varactor, while 
the Vt2 line may be connected to its second terminal. Also 
in this case, effects similar to those described above are 
produced. 

Furthermore, in the above description, each varactor is 
produced by short-circuiting the drain and source of the MOSFET 
formed by the CMOS process. However, the varactor may be 
produced by a different method. 

Moreover, in the above description, the variable 
capacitive impedance element has a directional parasitic 
capacitance to ground. However, another characteristic may 
be directional. Also in this case, this characteristic can 
be balanced in the circuit as a whole provided that the 
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directionalities of the variable capacitive impedance 
elements are laid out symmetrically in the circuit as a whole. 

Further, in the above description, the first, second, 
third, and fourth variable capacitive impedance elements 
according to the present invention are varactors . However, 
they may be any elements such as a PIN diode or the like provided 
that their electrostatic capacities can be varied by the 
voltage . Also in this case , effects similar to those described 
above are produced. 

Furthermore, in the above description , the first, second, 
third, and fourth variable capacitive impedance elements 
according to the present invention can have their capacitance 
varied by voltage. However, these elements can have their 
capacitance varied by means other than voltage . They may have 
their capacitance controlled by, for example, a micromachine . 

In this case, the micromachine has only to control the 
spacing between electrodes forming a capacitance. It is 
contemplated that, for example, to increase the capacitance, 
the micromachine, which is abutted against either electrode, 
push it to reduce the spacing between the electrodes . On the 
other hand, to reduce the capacitance, the micromachine pulls 
either electrode to increase the spacingbetween the electrodes . 
In this case, for example, in the PLL circuit shown in FIG. 
3, if the phase of the oscillation signal is delayed compared 
to the phase of the reference signal, the phase freguency 
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comparator 51, instead of outputting an up signal, abuts 
against the micromachine to exert an external force on it so 
that the micromachine pushes either of the electrodes. If 
the phase of the oscillation signal is advanced compared to 
the phase of the reference signal, the phase frequency 
comparator 51, instead of outputting a down signal, abuts 
against the micromachine to exert an external force on it so 
that the micromachine pulls either of the electrodes . Also 
in this case, effects similar to those described above are 
produced. 

Further, as shown in FIG. 20, the scope of the present 
invention includes communication equipment 204 in which a 
transmission circuit 201 or a reception circuit 202 is 
connected to an antenna 203, the transmission circuit 201 or 
reception circuit 202 having the oscillator or PLL circuit 
described above. 

According to the present invention, an oscillator can 
be provided which can balance the characteristics of a circuit 
without being affected by noise from a signal line or a supply 
line, as well as a PLL circuit and an oscillating method that 
utilizes this oscillator. 

Further, according to the present invention, an 
oscillator can be provided which can balance the 
characteristics of a circuit without being affected by noise 
froma signal line , a PLL circuit that utilizes this oscillator , 



or conmunication equipment or an oscillating method that 
utilizes this oscillator or PLL circuit. 



